Dynamics in the unfolded state of beta2-microglobulin studied by NMR.
Many proteins form amyloid-like fibrils in vitro under conditions that favour the population of partially folded conformations or denatured state ensembles. Characterising the structural and dynamic properties of these states is crucial towards understanding the mechanisms of self-assembly in amyloidosis. The aggregation of beta2-microglobulin (beta2m) into amyloid fibrils in vivo occurs in the condition known as dialysis-related amyloidosis (DRA) and the protein has been shown to form amyloid-like fibrils under acidic conditions in vitro. We have used a number of 1H-15N nuclear magnetic resonance (NMR) experiments in conjunction with site-directed mutagenesis to study the acid-unfolded state of beta2m. 15N NMR transverse relaxation experiments reveal that the acid-denatured ensemble, although predominantly unfolded at the N and C termini, contains substantial non-native structure in the central region of the polypeptide chain, stabilised by long-range interactions between aromatic residues and by the single disulphide bond. Relaxation dispersion studies indicate that the acid-unfolded ensemble involves two or more distinct species in conformational equilibrium on the micro- to millisecond time-scale. One of these species appears to be hydrophobically collapsed, as mutations in an aromatic-rich region of the protein, including residues that are solvent-exposed in the native protein, disrupt this structure and cause a consequent decrease in the population of this conformer. Thus, acid-unfolded beta2m consists of a heterogeneous ensemble of rapidly fluctuating species, some of which contain stable, non-native hydrophobic clusters. Given that amyloid assembly of beta2m proceeds with lag kinetics under the conditions of this study, a rarely populated species such as a conformer with non-native aromatic clustering could be key to the initiation of amyloidosis.